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ABSTRACT

Do Public Health Interventions Crowd Out Private Health
Investments? Malaria Control Policies in Eritrea

It is often argued that engaging in indoor residual spraying (IRS) in areas with high coverage
of mosquito bed nets may discourage net ownership and use. This is just a case of a public
program inducing perverse incentives. We analyze new data from a randomized control trial
conducted in Eritrea which surprisingly shows the opposite: IRS encouraged net acquisition
and use. Our evidence points to the role of imperfect information. The introduction of IRS
may have made the problem of malaria more salient, leading to a change in beliefs about its
importance and to an increase in private health investments.
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Most public programs induce behavioral responses in their target population.
These responses are often perverse, making these programs less effective than what
was originally intended. For example, the success of public health programs is
limited by (among other things) the extent to which they crowd out private health
investments. This is a central concern in the design of public interventions across a
variety of areas, in rich and poor countries alike. In the particular case of malaria
control programs, such as indoor residual spraying (IRS) the introduction of IRS
could have a negative impact on the acceptability of insecticide treated mosquito
bed nets (ITN), possibly inducing individuals to stop using them (see, e.g., Lengeler
(2011)).

In the standard model, the amount of crowding-out depends on the degree of
substitutability between private and public investments. However, outside the scope
of this simple model are situations where the introduction of a program conveys new
information about the returns to private health investments. For example, the intro-
duction of a new health program in a community can be perceived by its members
as an indication that (the government knows that) a particular health problem has
become more serious in the community, inducing a change in the beliefs about the
returns to private health investments (i.e., a program may have an implicit informa-
tion component even when it does not include an explicit information campaign).
In this context, the standard crowd-out intuition breaks down, and an increase in
public health investments can lead to an increase in private health investments even
when they are substitutes.

Although this is a fairly sensible point, and potentially relevant for most educa-
tion and health programs in developing countries, it is absent from the discussion
on the behavioral responses to such programs. This paper presents experimental
evidence from Eritrea that an IRS campaign led to increases in ITN ownership and
use. Our analysis suggests that the introduction of IRS may have made the problem

of malaria more salient in treatment villages, leading to a change in beliefs about

'IRS consists in spraying the interior walls of dwellings with insecticide to kill resting
mosquitoes.



the importance of the disease in these areas, which resulted in an increase in private
health investments.

The data used in our study come from an experimental evaluation of the im-
pact of IRS in the most malarious region of Eritrea (Gash Barka), organized by the
Government of Eritrea. Fifty-eight (58) villages were randomly assigned to treat-
ment and 58 villages were randomly assigned to control. Between June—July 2009,
before the start of the malaria season, households in treatment villages were vis-
ited by government workers carrying IRS equipment and were offered free IRS.
Households in control villages did not receive publicly provided IRS and IRS is
not privately provided in the market. A household survey and rapid diagnostic tests
(RDT) were administered during the malaria season that followed (October, 2009).

Our data show that IRS had no detectable impact on (the already very low levels
of) malaria parasite infection prevalence (Keating, Locatelli, Gebremichael, Ghe-
bremeskel, Mufunda, Mihreteab, Berhane, and Carneiro| (2011))). However, it led
to higher ownership and use of ITNs. In addition, households in treatment villages
are more aware of (and concerned with) malaria than in control villages. In partic-
ular, they are more likely to mention mosquitoes as a malaria vector and to mention
children as one of the groups most affected by malaria.

A large literature debates the extent to which a variety of public programs dis-
courages (or crowds-out) private investments in those goods or services which are
provided by the public sector. Three examples (among many) are Peltzman| (1973),
who discusses the case of higher education in the US, |Cutler and Gruber (1996),
who study health insurance in the US, and Das, Dercon, Habyarimana, Krishnan,
Muralidharan, and Sundararaman! (201 1)), who analyze education subsidies in Zam-
bia and India. Examples of the importance of crowding-out effects for health pro-
grams in developing countries are much less common in the literature, perhaps
because of lack of data. A recent survey of the literature barely mentions this issue
(Dupas (2011)).

The standard presumption in these papers is that there is substitutability between

private and public expenditures, say, in health, and that individuals have perfect in-



formation about the returns to their health investments. There is however increasing
evidence that decision making by the poor is greatly affected by limited informa-
tion (e.g., [Bertrand, Mullainathan, and Shafir (2006), Banerjee and Duflo (2011)
and Dupas| (2011)). This means that health programs have the potential to simul-
taneously deliver health services and induce changes in beliefs about the returns to
health investments in the populations they serve, which could even lead to a reversal
of potential crowding-out effects.

Beyond the literature on crowding-out effects of public programs, it is also im-
portant to mention how our study fits into the literature on malaria control pro-
grams, and on information and health in developing countries. We contribute to the
understanding of ITN use, which is the main tool available to households to pre-
vent infection. Several studies have investigated ways to promote acquisition and
usage of ITNs in malarious villages and attention has been focused on the compari-
son between free-distribution and cost-sharing programs. One central paper on this
topic is that by Cohen and Dupas (2010), who provide evidence in support of free
distribution.

Providing information about the returns from using a technology can also be an
effective way to promote both take-up and use. Dupas| (2011) reviews several stud-
ies that show how the provision of information can effectively influence people’s
health-seeking behavior, when they are not already fully informed about the health
situation they face, when the source of information is credible and when they are
able to process this new information.

In a study of HIV in Malawi, De Paula, Shapira, and Todd| (2011) highlight that
policies may affect people’s behavior if they are able to change their beliefs. They
do not find strong evidence that HIV testing consistently affects people’s beliefs
about their own HIV status (see also Delavande and Kohler| (2009)). They also
show that downward revisions in beliefs about HIV status increase risky behavior,
while the opposite occurs with upward revisions.

Borrowing from the literature in marketing and psychology, Dupas| (2009) ana-

lyzes how the framing of information on the benefits of ITN use affects ownership



and use of ITNs. She compares two cases: one which stresses the financial gains
from a reduction in missed work and another highlighting the health gains from
avoiding malaria. Using data from a randomized control trial (RCT) from Kenya,
Dupas finds that neither take-up nor usage are affected by how benefits are framed
in a marketing campaign. As a possible explanation, she proposes that the stakes
are high and that liquidity constraints are probably the main barrier to investments
in malaria prevention.

This aspect is further investigated by Tarozzi, Mahajan, Blackburn, Kopf, Krish-
nan, and Yoong (2011), who conducted a RCT in India, to estimate the effectiveness
of micro-loans in promoting ITN ownership and use, to reduce malaria prevalence.
Their intervention was effective in promoting ITN ownership and use, but had no
impact on malaria prevalence. [Tarozzi et al.| (2011) rule out that the intervention
caused any “perverse” behavioral response. In other words, their results showed
no reduction in any pre-existing anti-malaria behavior. If anything, such behaviors
actually increased in treated groups. The authors do not explain this phenomenon,
but it is possible that the mechanism that we emphasize in our paper is also at work
in theirs.

The remainder of the paper is organized as follows. In Section [I] we briefly
describe the study area and the status quo in malaria eradication. In Section 2| we
describe our dataset and we introduce our model in Section We present and

discuss our estimates in Section 4l Section 3] concludes.

1 IRS in Eritrea and the Intervention

Eritrea has an estimated population of 3.6 million. Malaria dramatically declined
in the country over the past decade, from a national peak of 260,000 clinical cases
diagnosed in 1998 to just under 26,000 cases in 2008. More than half of all diag-
nosed malaria cases and over 60 percent of all related deaths in the country come
from Gash Barka Zone (2007, 2008), where this study was conducted

2We present maps of the study area in Figures 1 and 2 in Appendix 4.
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Malaria is transmitted, mainly at night, from infected to healthy people, by fe-
male Anopheles mosquitoes. Three main technologies are currently used to reduce
transmission: ITNs, larval habitat management (LHM) and IRS. ITNs must be hung
over the bed at night to protect sleeping individuals from infectious mosquito bites;
LHM includes activities such as draining stagnant water, to destroy the habitat of
mosquitoes; IRS consists in spraying the inside walls of dwellings with insecticide
to kill resting mosquitoes.

The costs of IRS are borne by the Government, which is in charge of conducting
spray campaigns. In contrast, [ITNs must first be acquired by individuals and then
set up above the bed. Sleeping under a net is perceived as unpleasant, especially in
warm weather. ITNs also need regular re-impregnation, if they are not coated with
long lasting insecticide. LHM campaigns are carried out by the Government with
the active involvement of local populations.

Eritrea has been successful in greatly reducing malaria prevalence however
elimination has not yet been achieved. Complete malaria eradication is therefore a
priority in Eritrea. Accordingly, the National Malaria Control Program (NMCP) is
currently developing strategies to reduce the infection rate to zero.

IRS is an expensive intervention, although generally perceived as effective.
Nevertheless, there are no studies of the added benefit of IRS in low-transmission
settings over and above ITN use, effective case management, and LHM. As such,
the NMCP conducted an evaluation of the impact of IRS in the context of the exist-
ing control program (which promotes LHM and ITN use), with the support of the
World Bank. The results of this evaluation are presented in Keating et al. (201 1).

A two-arm cluster-randomized community-controlled trial, post-test only de-
sign was used to evaluate the impact of IRS on malaria infection prevalence. Effec-
tiveness was measured as a single difference between treatment and control groups.

One hundred and sixteen (116) villages in Gash Barka (perceived as especially
malarious) were selected for the study. Fifty-eight (58) villages were randomly

assigned to the treatment group and 58 villages were randomly assigned to serve

3See Figure 4 in Appendix 4.



as the control group. A geographic buffer was used to insure that treatment and
control villages were at least 5 km apart[f| The NMCP verified the distance between
treatment and control villages, and villages that were too close (less than 5 km apart)
to another were replaced by the closest village, at least 5 km apart. In addition,
further replacements were made in a few cases where the originally chosen village
had moved and could not be found or reached. Again, the closest eligible village
was chosen as a replacement. This procedure is discussed in more detail in the next
section and village replacements are documented in detail in Appendix 5.

The intervention involved the control of adult mosquito populations using IRS
with the insecticide dichlorodiphenyltrichloroethane (DDT), which is recommended
by the Eritrean NMCP. In each intervention village, dwellings were sprayed ac-
cording to the manufacturer’s recommended guidelines. The spraying targeted all
households to ensure a minimum coverage of 80 percent, as recommended by the
World Health Organization’s (WHO). Spraying was done during the months of
June—July 2009. Treatment and control villages received similar levels of ITNs,
LHM and case management, per existing NMCP guidelines and policy. Further

details on the study design and intervention are available in |[Keating et al. (2011).

2 Data

A household survey was conducted in October 2009 (a baseline survey was not col-
lected because of budgetary constraints). This corresponds to the period just after
the peak of the malaria season. Only one person per household was interviewed and
the response rate was high at 94.23 percent, yielding a total sample size of 1,617
households (corresponding to 7,895 individuals), of which 809 lived in treatment
villages and 808 resided in control villages. All present and consenting household

members were tested for malaria using Carestart(r) RDTSE] Microscopy was used

4The 5 km threshold was set to ensure that control villages could not benefit from the intervention
conducted in treatment villages.

SA total of 5,502 people were tested with RDT. 1,120 people were absent at the time of the
survey and they could not be tested. In addition, 651 people refused testing. Among those tested,



to validate positive RDT results. Appendix 2 provides a detailed description of the
data and of all the variables used in this paper.

Tables 1| and |2 present means and standard deviations for variables which are
essentially pre-determined, and mean differences in these variables between the
treatment and the control groupsE] Table |1| shows individual variables and table
shows household variables. The characteristics of treatment and control villages
are balanced with one exception: the Tigre tribe is over represented in the treatment
group. We take this into account in our analysis by including in all regressions an
indicator variable which takes a value equal to 1 if household 7 belongs to the Tigre
tribe, and O otherwise (the exclusion of this variable does not affect our results).

These tables also show joint tests that check the balance of several variables
simultaneously. We consider three different sets of variables: those available for
the whole sample, those available for respondents only, and those available only
at the household level. To conduct the test we run probit regressions of treatment
assignment on the variables in each group, and we test whether the coefficients in
the regressions are jointly equal to zero. To be precise, let Treatment; denote an
indicator that takes value 1 if household 7 belongs to a treatment village, and O

otherwise. Let X; be a vector of variables in each group. Then we estimate:
Pr (T, = 1[X) = & (X5)

where ® is the cumulative density function of the standard normal, and we test
whether 5 = 0 (where (3 is the vector of coefficients associated with each variable).
Standard errors are clustered at the level of the community. We do not reject the

null hypothesis for any of the three groups of variables, which means that we do not

13 individuals tested positive in the control group and 17 tested positive in the treatment group.
The difference between the share of positive RDTs in the two groups is 0.001 (st. err. = 0.003)
and not significant (see [Keating et al.| (2011)). Malaria prevalence was very low in the area under
investigation. More details are presented in Section 3.1 of Appendix 3.

%Even though some of these variables could potentially respond to the intervention, it is highly
unlikely that any response took place between the time of the intervention (June—July, 2009) and the
time of the survey (October, 2009).



reject that these variables are jointly equal in the treatment and control groups. This
provides additional evidence that randomization was effective in achieving balance
in the characteristics of treatment and control Villages[]

Half the population in our sample consists of females, as shown in table [I]
Almost all household members usually live in the house visited by the interviewer.
The population is quite young, with the average age only at 22, and the average age
of respondents is about 42. Average levels of education in our sample are low: only
19 percent of respondents ever attended school and 76 percent of them attended
only primary school. The proportion of literate respondents is equally low, at 19
percent. Almost all respondents are muslim and married.

Table 2] shows that average household size in the sample is between 4 and 5, with
more than half of household members being below 18 years of age. Respondents
living in these villages are very poor: only 43 percent of them has access to drinking
water from a public tab, 6 percent has a toilet, 25 percent owns a radio, 95 percent
uses firewood as the main source of fuel and the average number of rooms per house
is well below 2.

Table [3] shows that there was high but not perfect compliance with treatment.
Our data shows that 6 percent of households living in control villages reported
having their dwelling sprayed in the 5 months prior to the surveyﬂ This spraying
was not done by the government. Most likely, households used simple insecticide
sprays purchased from local shops, which have low effectiveness when compared

to IRSE] Also, 25 percent of households in treatment villages reported not receiving

7As mentioned above, the list we originally used to randomly assign villages to treatment or
control included 116 villages. Some names were changed at the time of the intervention or when the
data collection was conducted, and some villages had to be replaced because they were not found.
A very detailed analysis of this issue is presented in Appendix 5, along with robustness checks. Our
analysis makes us confident that randomization was indeed effective.

8This is roughly the period of time between treatment and the interviews, allowing for some
recall error.

9Respondents were asked whether anyone had sprayed the interior walls of their dwelling against
mosquitoes, at any time over the previous 12 months. NMCP records report that no IRS campaigns
was conducted in control villages over the 12 months to the survey. We can also exclude that some
other organization conducted an IRS campaign in the region. So, because the question did not

10



IRS. This may have occurred because all household members were absent at the
time of the intervention, or because the residents did not authorize spraying inside
their home %]

Throughout the paper we report simple comparisons between treatment and
control communities. Given that compliance with spraying was not perfect, one
may think of also reporting instrumental variable estimates of the impact of the
program on various outcomes, where each household’s participation in spraying is
instrumented by the community level treatment indicator. Estimates are reported in
tables 12—16 in Section 4 of Appendix 3. We notice that these estimates are very
similar to those presented in tables [SH9| in the paper. The reason why we focus on
the community level treatment variable in the main text is that the intervention is
likely to affect the beliefs and behaviors of all residents in the community. Given
that spraying was so widespread in each community it will be visible to everyone,

not only to those who actually received spraying.

3 Theoretical Framework

To guide our empirical analysis we present a simple model of behavioral response
to the introduction of IRS under perfect and imperfect information about the prob-
ability of malaria infection. The proofs of the results presented in this section are
reported in Appendix 1.

There are N identical workers, indexed by ¢ = 1,2,..., N, and each worker
has the same time endowment, time; = 7T, Vi. All individuals work (labor supply

is inelastic) at wage w, which is exogenously determined. Mosquitoes are infected

specify “with DDT” or “by spraying teams”, these respondents may have plausibly answered yes if
they had engaged in personal spraying with commercially bought insect repellant to coat their walls.
The effect of such sprays is very limited compared to that of DDT.

10Participation was voluntary, so some households may have not allowed IRS in their homes. In
addition, there may have been lack of sufficient insecticide to treat all houses, and some dwellings
maybe have been located very far from the center of the village so they were not reached by the IRS
campaign. As we mentioned above, spraying targets all households to guarantee that at least 80%
of the village is covered (WHO guidelines), so some degree of imperfect compliance was expected.

11



with malaria, and malaria affects the time endowment of worker ¢ by reducing the
time available to him from 7" to 7" — ¢,¢ > 0. The probability that an infected
mosquito finds a worker ¢ is m; = 7 > 0,Vi. Mosquitoes bite and infect all the
workers they find, unless workers use some malaria preventive technology.

For simplicity, there are only two available technologies to protect workers from
malaria: ITNs and IRS. In the following, we refer to ITNs and IRS as ¢ and ¥
respectively. Technology ®, ITNs, is available to all workers, and it can protect
them from infected mosquitoes with probability p® € (0, 1), preventing a reduction
in their time endowment. Adoption of ® causes disutility to the worker (d; > O)E]
so some workers may decide not to use it. Technology W, IRS, can protect them
from infectious bites with probability p¥ € (0, 1), preventing a reduction in time
endowment. Use of ¥ does not entail any disutility for workers. Therefore, all
workers will choose to use VW, if it is made available to them.

Suppose technology @ is available to all who want it. Technology W may be
introduced on top of ® in an attempt to grant workers additional protection from
malaria and allow them to work as much as possible. We assume that using two
technologies jointly offers more protection than using either alone

Assumption 1. max(p?®, p¥) < p?-¥

where p®“¥ is the probability that a worker is protected from infectious bites,
if he uses both technologies. Workers are risk neutral, with utility function U; =
Y; — ¢,d;, where ¢, is a dummy variable equal to 1 if worker ¢ chooses to use ¢ and
0 otherwise, and d; represents an idiosyncratic disutility incurred when using tech-
nology ®. Each worker chooses whether to use @, to maximize his own expected

utility:

"Disutility may arise from a variety of factors that negatively impact ITN users, including: the
need to hang the net over the bed every night; sleeping closer to other household members to fit
more people inside a net; a reduction in ventilation during the hours of sleep; and allergic reactions
caused by contact with the insecticide on the ITN.

2This seems a reasonable assumption, in light of the evidence presented in [Kleinschmidt,
Schwabe, Shiva, Segura, Sima, Mabunda, and Coleman| (2009) that combined use of IRS and ITNs
reduces the probability of malaria infection more than use of either technology alone. They show
that the protective efficacy of either technology is unaffected by the use of the other.

12



Te E(U;|V 1
¢ € arg max, (Us] W) (D

In this simple model, we do not account for any externalities which may arise from
others’ use of ITNs. Even though they are potentially important, our main point can

be made without mentioning them

3.1 Perfect Information

Under perfect information, all workers know that the probability of infectious bites,
m,is ™ > 0. If ¥ is not introduced, the expected time endowment for each worker

is:

E(time;)) = (1 =m)T +7{(1 — ¢;)(T — t) + &[(p*T + (1 — p*)(T — 1)}
=T —7t(1—¢:ip?) 2)

where ¢; is an indicator variable which takes value 1 if the individual uses an ITN
and takes value 0 otherwise. If no mosquitoes find and infect worker ZEI he will
have full time endowment 7" irrespective of his use of ®. If a mosquito finds him
(with probability 7) and if he does not sleep under an ITN, he will lose time en-
dowment ¢, and will be left with 7" — ¢. I'TN use would grant him protection with
probability p®, preventing him from losing ¢.

Worker 7 will use technology @ if its use can increase his expected utility rel-
atively to the case in which he does not use it. This happens if the expected gains

from ITN use compensate the disutility incurred from its use:

I3A discussion is presented in Section 5 of Appendix 1.
14We assume that mosquitoes infect with certainty all workers they find.

13



¢; =1 & E(Ulg; =1) > E(Ui|¢; = 0)
& w (T —7t+7p%) —d; > w (T —7t)

& wrtp® > d, 3)

The provider of preventive technologies, i.e., the government, may decide to

provide V. In that case:

E(time;|¥ =0) = T—7t(1—¢p®) 4)
E(time,| ¥ =1) = T —7t[l - (p*)"* (p*")"] (5)
IfU =0, theng; =1 < wrtp® > d; (6)
IfU =1, then¢; =1 < wrat(p®™? —p¥) > d; (7)

Expressions (4] and (6)) are identical to (2) and (3)). Equation (5) shows how the
probability of infection is affected by the introduction of W. Condition (/) shows
that, once spraying campaigns have been rolled out, workers will choose to sleep
under an I'TN if the additional expected gains from its use can compensate for the
associated disutility.

We are interested in understanding how the introduction of IRS affects average
ITN use. Let 0% = E(¢}|¥ = 0) be the average use of ® when W is not introduced,
and let 0¥ = E(¢7|¥ = 1) represent the same measure if ¥ is made available. The
difference in average ITN use is governed by the relationship between conditions
(6) and (7). This comparison requires an rn v assumption on the degree of
complementarity between ® and W. It is reasonable to start by assuming that ¢ and
U are substitutes, i.e., p®“¥ < p® + p?. In this scenario (with perfect information)
we show in Appendix 1 that the average use of ® cannot increase following the
introduction of ¥: #¥ < #® (this is because no worker who does not use ® in the

absence of W, would start using ® in the presence of W). It is plausible, but less

14



natural, that the two technologies are complements instead, i.e., p®“¥ > p® + p?.

In this case the opposite is true: §¥ > 6®.

3.2 Imperfect Information

In a more realistic setting, workers do not know the true value of 7. Suppose that
7 can only take one of two values: 0 or T > OE] Each worker 7 is endowed with a
prior P;(m = 7) (and P;(m = 0) = 1 — Py(m = 7)) drawn from a Uni form(0, 1).
Workers believe that the provider of W has perfect knowledge about 7. The map-
ping between the government’s decision to spray and 7 is not deterministic, i.e.,
the government does not always spray when 7 is high (say, because of resource
constraints), and it may spray in some cases where 7 is zero (say, either because
of different information, or as a preventive measure). Our assumption is that indi-
viduals believe that the probability that the government sprays when the true risk

of infection is O cannot exceed the probability that it does so when malaria poses a
threat{™|

Assumption 2. Pr(V = 1|7 =7) > Pr(¥ = 1|7 = 0).

Workers update their beliefs using Bayes’ rule after observing the realization
of ¥. We can compute expressions (8) and (9) for the expected time endowment,
which are analogous to () and (5):

E(timeU = 0) = T — P(r = 7|0 = 0)7t(1 — dp™) @®)
E(timei|\I/:1) = T—Pz( :ﬁ|\1/:1) {1 (p) ¢z(pq>u‘1’>¢>z‘] 9)

Expression (8) is identical to (]), except for the fact that the posterior probability

15This formulation simplifies the structure of the problem, still capturing its essence, and it seems
suitable to study the very low transmission environment under investigation.

16people are aware that the government has successfully managed to drastically reduce malaria
in recent years, and so they understand that it is committed to fight the disease. This makes the
government “credible”.
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of infection is now multiplying the expected time savings, and similarly for equation
(9). We can use these two equations to obtain conditions (I0)) and (T1)) for ITN use,
depending on the availability of W:

i

IfU=1then¢! =1 < Pr=7¥="Duwrt(p®™¥ —p¥)>d; (1)

%

IfU =0then¢; =1 < P(rn =7V =0)wrtp® > d; (10)
1

Again, we want to understand how the introduction of IRS may affect average
ITN use, and we can do this by comparing conditions (I0) and (II). As before,

®O¥ _ »¥) and p® depends on whether the two tech-

the relationship between (p
nologies are substitutes or complements, but now the expected gains from ITN use
also depend on the posterior probabilities of infection. Assumption [2] implies that
P(m =7|¥ = 1) > Py(r = 7|¥ = 0). Therefore, with imperfect information, 8"
could be either larger or smaller than 0?, even when ® and V¥ are substitutes. This
is in contrast with the analogous result for the perfect information case, for which
the result was unambiguous.

Finally, if agents perceive ® and W to be complements, it is easy to show that the
average use of ITNs may either remain unchanged or increase with the introduction
of U, as in the previous scenario. Table {] summarizes the predictions of the model,

under either assumption.

4 Data Analysis

4.1 Basic Results

In this section we analyze the impact of the IRS campaign on a set of behavioral
and socio-economic outcomes. In particular, we look at the effect of spraying (1)
on the level of information and awareness of malaria among the people of Gash

Barka, (2) on the ownership and use of mosquito bed nets, as well as (3) on their
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intra-household allocation. The impact of IRS on the prevalence of malaria was
found to be zero in our earlier work (see |Keating et al.|(2011)); see also tables 1 and
2 in Appendix 3).

In tables [5H8| we compare treatment and control villages across a variety of di-
mensions (information and knowledge of malaria, ownership and use of mosquito
bed nets, participation in LHM, and behaviors conducive to malaria eradication
other than LHM). The first two columns of each table present means and stan-
dard deviations for each variable, for treatment and control villages. The remaining
columns report differences (and corresponding standard errors) between treatment
and control villages using three different specifications (which, given our experi-
mental design, we interpret as the impact of the program). The first specification
does not account for any control variables, and therefore corresponds to a simple
difference in means between the two sets of villages. The second and third specifi-
cations include, respectively, a very simple set of control variables (dummy indicat-
ing whether an individual belongs to the Tigre tribe a dummy indicating Muslim
religion, and dummies for subzone of residence), and a more complete set of control
variables which includes all the variables we analyzed in the randomization checks
(which we call X e, in the equations below)m We estimate the program impact
using least squares regression of Y on a treatment indicator (1'reatment, in
the equation below) and control variables when Y is a continuous variable, or using

probit model (I3) when Y is binary (marginal effects are presented in this case):

Y = a+ B Treatment + v, Tigre Tribe
+79 Muslim + «' Subzones + Xyper A + € (12)
Pr(Y =1) = ®(a+ B Treatment + v, Tigre Tribe
+v9 Muslim + ~" Subzones + Xother\) (13)

17This is the main tribe in Gash Barka and it is over-represented in treatment villages.
18School enrolment is excluded because it is recorded only for children in school age.
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where @ is the cumulative density function of the standard normal. Standard errors
are clustered at the village level. Across tables, our estimates are almost identical
for models with different controls (columns 3-5). Much of our discussion will focus
on the specification with basic regressors.

Table [5] shows that, in spite of the fairly low levels of parasite prevalence in
the regionE] malaria is still (correctly) perceived as a problem in the community
by a large majority of the population, both in treatment and control villages. How-
ever, we notice that more than 25 percent of respondents report that malaria is not
a problem in their community (despite the fact that our survey was conducted in
the most malarious villages in Eritrea) There is also widespread knowledge that
mosquitoes are an important transmission vector. Even though almost everyone
agrees that children are especially at risk from malaria, only about a third of re-
spondents believe that pregnant women suffer greatly from having malaria. Finally,
about half of the respondents were aware of information campaigns conducted dur-
ing the 6 months prior to the interview, concerning I'TNs, early seeking behavior
(seeking timely treatment and proper diagnostic of malaria symptoms) and envi-
ronmental management.

Table [3] also presents the estimated effect of the IRS campaign on informa-
tion and knowledge about malaria. Our estimates suggest that treatment increased
knowledge that mosquitoes are a vector by about 3 percent, and awareness that
children are especially at risk from malaria by almost 7 percent. On average, re-
spondents did not become more worried that malaria was a problem in their com-
munity, nor that women are particularly vulnerable to malaria. We test and reject
that these four variables are jointly equal in treatment and control villages. These

results show there is more concern with malaria transmission in treatment than in

19Keating et al.{(2011) document a prevalence rate below 1 percent (October, 2009).

20The Global Malaria Action Plan of the Roll Back Malaria initiative (available at
http://www.rbm.who.int/gmap/) explains that the situation whereby villagers lose interest in malaria
and in prevention, in areas where malaria has been dramatically reduced by successful control ef-
forts, is referred to as “malaria fatigue”, and that it can lead the public to reduce use of the available
preventive and treatment measures. So this issue must be addressed properly and in a timely fashion.
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control villages, suggesting that the provision of IRS led individuals to update their
beliefs about the importance of malaria in their communities. In particular, the in-
creased concern with the impact on malaria on children, paired with an increased
awareness that mosquitoes are the transmission vector for the disease, may have
changed the expected returns to malaria prevention behaviors such as ITN use.

It is also useful to notice that respondents in treatment villages did not receive
significantly more information on ITNs, early seeking behavior and environmental
management over the previous 6 months, than those in the control group. These
variables are not statistically different in treatment and control variables, either
when we look at them individually or jointly. This suggests that any changes in
information and knowledge are a direct consequence of the IRS campaign.

Table [6]reports information on ownership and use of bed nets. In this Section we
draw a distinction between “ITNs” and “nets”: we restrict the former definition to
consist only of those nets that were properly treated with insecticide at the time of
the survey,@ while we use the latter term to additionally include those nets that had
not been properly re-treated. On average, there were about 1.58 nets and 1.28 ITNs
per household in the control group villages. Furthermore, an average of 1.16 nets
per household were used the previous night and 0.736 nets were left unused. These
figures are slightly higher in the treatment villages. A comparison of ownership
figures for any nets versus ITNs suggests that the vast majority of owned bed nets
were properly insecticide treated at the time of the surveyEf] About 40 percent of
all household members in control villages reportedly slept under a net (net use) the

night before the survey.

2'We include in the definition of “ITNs”: all Long Lasting Insecticide treated Nets (LLINs),
which were distributed in the area starting from 2006 and whose insecticide is effective for 3-5
years; all ITNs acquired in the 3 years prior to the survey (which are most likely LLINs, since the
government distributed exclusively LLINs since 2006); and all ITNs that were re-treated in the 12
months before the survey, in accordance with NMCP guidelines.

22We do not study explicitly households’ participation in net re-impregnation activities because
LLINs have progressively replaced traditional ITNs since the NMCP discontinued distribution of the
latter in favor of the former in 2006. An additional reason for omitting an analysis of re-impregnation
behavior is that we include in the definition of LLINs also all ITNs acquired in the 3 years before
the survey (as we explained in footnote@) and LLINs need not be re-impregnated.
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In table [6| we also present the estimated program effects on ownership and use
of bed netsF_gl Households living in treated villages own 0.214 more nets and 0.176
more ITNs than households from control villages. The number of nets used the
night before the survey was 0.186 higher in treated villages, but there was no dis-
cernible difference in the number of unused nets between treatment and control. We
jointly test and reject (at the 10 percent level of significance) that there is no differ-
ence in these four variables between treatment and control villages. The proportion
of individuals reported to have used a net is higher in treatment than in control vil-
lages but the difference is not statistically strong (this variable is not included in the
joint test because it is an individual rather than a household variable). These results
show a clear difference in net ownership and use between treatment and control
villages.

Our results are consistent with the model we developed in Section |3| In re-
sponse to the introduction of IRS in a community, its inhabitants experience an
increase in awareness and concern about malaria (especially about the danger of
mosquito bites), which affects their ownership and use of ITNs. As far as we know,
this mechanism has not been discussed before in the literature, although it could
be important in many settings. By introducing a program in a community, be it a
health, education, or other type of program, a government potentially provides in-
formation about its knowledge of the problem addressed by the program, or it just

makes the problem more salient in the minds of community members. When in-

23 An interesting question is whether households can (and do) acquire new bed nets if they want
to do so, or whether supply is determined solely by free distribution campaigns that provide the
same number of nets to every household. To shed some light on this point, we use an asset index
(described in Section 3.2 of Appendix 3) to compare statistics on ownership of bed nets by wealth
quintile. Focusing on the control group (i.e., in the absence of the intervention), we see that net
ownership increases with wealth, so that households in the top quintile own a number of nets (2.17)
which is about double that of households in the lowest quintile (1.24). The same can said about ITNs:
ownership increases progressively over wealth quintiles, from 0.99 to 1.59 ITNs per household.
This is suggestive that ownership of bed nets is not exogenously determined by free distribution
campaigns. To the contrary, wealthier households can and do obtain a larger number of nets. They
may do so, e.g., by purchasing nets from a local market or from poorer households, or they may
possibly exploit their bargaining power to obtain more free nets during distribution campaigns.
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dividuals have imperfect information and face uncertainty about the importance of
the particular problem at hand, such revelation of information may lead individuals
to update their beliefs and, as a result, change their behaviors. These changes in
behaviors are generally not expected by those designing the program. This section
shows that they can be quite important.

In addition to using bed nets, individuals can engage in other preventive be-
haviors to reduce the risk of malaria infection. For example, they can keep any
cattle away from home, cover any stored water and participate in environmental
management campaigns, among others. Table [/| focuses on participation in LHM
campaigns and it shows that participation is fairly low across a variety of measures,
as pointed out in [Keating et al| (2011). Table [§] which includes the full range of
mentioned ways how respondents try to avoid mosquito bites, shows that house-
holds engage in a wide variety of malaria prevention behaviors other than ITN use
and LHM.

Tables [7] and [§] also report estimates of the impact of IRS on those behaviors.
We do not find evidence that IRS crowded-out private investment in any of those
behaviors If anything, the IRS campaign had a positive effect, especially on the
proportion of households who keep their livestock away from their dwelling, which

increased by as much as 6.76 percentE]

24Standard errors are rather small in tables [7| and [8, so we would have been able to detect a
negative impact of IRS on these sets of behaviors, had there been any. In addition, most coefficients
have a positive sign (particularly so in table [7), whereas a negative sign would hint to the presence
of crowd-out. The joint test in table [/| omit the third variable in the table (number of household
members who participated in LHM) because it is just the sum of the three subsequent variables in
the table. Similarly, in table[§]the first two variables are omitted from the joint test only because the
sample of non-missing answers for these variables is much smaller than for the remaining variables
in the table.

25 As mentioned above, instrumental variables estimates of the impact of IRS on all these out-
comes (where household participation in IRS is instrumented by the village treatment assignment)
are presented and discussed in Section 4 of Appendix 3. Our main conclusions are essentially un-
changed.
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4.2 Intra-Household Allocation of Bed Nets

We also checked whether IRS affected net use among some demographic groups
and how this changed the intra-household allocation of nets. To do so, we divided
the population into six mutually exclusive categories (children under 5 years of
age, school age youths (5-20 years old), employed adult (>20 years old) men and
women, and unemployed adult men and women) and we analyzed how the inter-
vention affected net use in each of the groups.

Table 3 in Appendix 3 shows that, in the absence of IRS, net usage varies greatly
by age, gender and employment status: children under 5 are the most likely to sleep
under a bed net (50 percent), followed by unemployed and employed women in
working age (44 and 40 percent), school age youths (36 percent) and finally by
employed and unemployed adult men (27 and 24 percent). No significant gen-
der differences were observed among children under five or among young people.
Among employed adults, women are much more likely to sleep under a bed net
(+13 percent) and the same is true among the unemployed (+20 percent).

We estimate the impact of the intervention on the intra-household allocation
of bed nets using probit regression (13), letting Y be a dummy for net use, and
restricting the sample in turn to each socio-demographic category. Estimates are
presented in table [9] (which shows marginal effects). For each socio-demographic
group, the first two columns of table [9] present average bed net use in treatment
and control villages, with standard deviations in parentheses. The remaining three
columns present the impact of the intervention on the intra-household allocation of
bed nets, with the same sets of controls used in tables [5HS].

Table [0] shows that treatment increased bed net use especially among workers,
and we can see in particular that 8 percent more male workers chose to sleep under
a bed net; the estimated increase among female workers is not robust to different
specifications (and it is not statistically significant from zero in our favorite specifi-
cation). We notice, importantly, that the use of bed nets did not decline (estimated

coefficients are positive but non significant) among children under five, who are
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among the most vulnerable to malaria. Similarly, adult women were not negatively
affected (irrespective of their employment status)FE]

These results, which show an increase in net use among workers, are consistent
with the previous findings that information and awareness about malaria increased
in the population, and with the idea that households became more sensitive to the
importance of protecting their breadwinners, thereby adapting the intra-household
allocation of nets. This evidence is also in line with results presented in Section 3 of
Appendix 3, showing that malaria awareness increased especially among workers,
who increased net use accordingly. Increased net use among workers may have
stemmed from the observed increase in net ownership or from a change in sleeping
arrangements, with workers sharing more often sleeping space with their spouse
and young children

Given the estimates in table[5one could have thought that the largest increase in
net use would be among children. However, it is possible that a greater awareness
that malaria has a strong impact on children may just be a manifestation of a more

general concern and awareness of the dangers of malaria.

26 Adult women include pregnant women, a category that is very vulnerable to malaria. We do not
have data about pregnancy.

>"In Section 3 of Appendix 3 we present additional results describing how the impacts of the
program vary with the level of vegetation in the district (“subzoba”) where villages are located,
and we focus our attention on the treatment effect on malaria knowledge and on net ownership and
use. We also check heterogeneity in impacts according to several characteristics of the respondent
(we do not have these information for all household heads, so we use respondents as a proxy; the
respondent was the head in 61.71 percent of the households and the spouse in 33.83 percent of
the cases): employment status, literacy, education, religion, tribe, female headship, family size,
presence of children in the household, and wealth. We see increases in concern with malaria mainly
among workers, although we see some increase in information also among the non-employed. This
is plausible if information reaches everyone, but if it becomes a source of concern only for workers
(because they are the ones who potentially suffer the most if they are afflicted with the disease).
Regarding net ownership, we observe that impacts of IRS are much larger for families where the
respondent is literate and employed, and they are lower for families in the bottom quintile of the
wealth distribution.
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5 Conclusions

The concern that government intervention crowds-out desirable private behavior is
common to several areas of public policy. The standard model predicts that this will
happen if private and public inputs are substitutes. This paper emphasizes a new
mechanism by which government intervention may encourage a higher provision
of the private input, even when private and public inputs are substitutes. This can
occur when individuals have little information about the returns to their actions,
and when the public intervention reveals information that may lead to an increase
in their subjective expectations of the returns to their actions. This is not only
interesting, but also likely to be important in a variety of settings. We apply and
illustrate the relevance of this idea to the study of a malaria control program in
Eritrea.

Several countries in Sub-Saharan Africa, including Eritrea, have successfully
reduced the malaria burden in their territory in recent years, using a combination
of free ITN distribution, LHM, case management, prompt and effective treatment,
and information campaigns. Their governments are now contemplating strategies
to eliminate the disease once and for all, and in particular they are considering the
introduction of regular IRS campaigns to achieve this goal, whereas IRS was used
so far chiefly for emergency response.

Public provision of IRS may crowd-out people’s private investment in the ex-
isting risk mitigating technologies, possibly leading to a resurgence of the disease
rather than to a sharp decrease and its eventual eradication. In a companion paper,
we document that a single IRS intervention is not sufficient to eradicate malaria
completely in a policy-induced low-transmission setting like the one under investi-
gation. It is therefore of paramount importance that people consistently make use of
the preventive technologies available to them, to ensure that malaria eradication can
be achieved in the medium run (possibly with the help of several IRS campaigns).

Our main result is that public IRS provision did not crowd-out private invest-

ment in any malaria control policy in Eritrea in the short run: in fact, IRS did not
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induce a reduction in ownership or use of I'TNs, nor did it have a negative impact
on any of the other risk mitigating behaviors in which villagers are engaged. If
anything, spraying led to an increase in preventive behaviors. We show that IRS
increased average ownership of ITNs, and that it promoted net use among workers.

We explain this with a simple model of net use in a setting where individuals
have imperfect information about the risk of being infected by a mosquito carrying
the malaria parasite, and update their beliefs about the level of malaria prevalence
in their area of residence when they observe the introduction of a new interven-
tion. This model proposes that public health interventions may act as marketing
campaigns, capable to promote take-up of the existing preventive technologies, and
as an information campaign, that fosters active use of the available risk mitigating
tools. This can be true even when the original goal of the intervention was neither
marketing nor the provision of information, such as in the case of an IRS campaign.
Both our empirical results and our interpretation are novel in the literature.

We observe in our data a very high pre-intervention awareness about malaria,
about the mode of transmission of the disease, and about who is at increased risk
of being ill. We show that IRS provision promoted malaria awareness even further.
Mosquito net ownership and use also increased after treatment. This increase in net
use occurs mainly among household members who are currently working. We also
show that net use among the most vulnerable categories (including children under
the age of five and pregnant women) was not negatively affected by the rise in use

among workers.
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Table 1: Randomization checks — Individual Variables

Variables (Y) Treatment Control Difference

ALL HOUSEHOLD MEMBERS

1- Female 0.52 0.52 -0.0040
(0.50) (0.50) (0.0113)

2- Usually lives here 0.98 0.98 0.0062
(0.13) (0.16) (0.0049)

3- Stayed here last night 0.97 0.95 0.0137
(0.18) (0.21) (0.0086)

4- Age 22.34 22.00 0.3456

(19.52)  (19.18) (0.4924)

RESPONDENTS ONLY

5- Age 42.05 41.43 0.6157
(15.01) (15.25) (0.8926)
6- Ever attended school 0.19 0.19 0.0072
(0.39) (0.39)  (0.0339)
7- Only primary school 0.74 0.78 -0.0373
(0.44) (0.41)  (0.0527)
8- Literate 0.18 0.20 -0.0151
(0.39) (0.40)  (0.0321)
9- Muslim religion 0.84 0.78 0.0601
(0.37) (0.42)  (0.0678)
10- Tigre tribe 0.57 0.40 0.1666*
(0.50) (0.49)  (0.0843)
11- Married 0.93 0.94 -0.0125

(0.26) (0.24)  (0.0133)

P-value [variables 1-4] 0.25
P-value [variables 5-6,8—11] 0.16

Note: for variables 5—11: sample restricted to respondents only. Column (1): sam-
ple restricted to treatment group. Column (2): sample restricted to control group.
For each variable Y, columns (1) and (2) report means, with standard deviations in
parentheses. Column (3) presents the difference between (1) and (2) estimated as
follows: Y; = BT; + ¢;, where Tj is a treatment allocation dummy. Robust standard
errors are reported in parentheses. We also use an F-test to check whether groups of
controls, with comparable sample sizes, jointly predict treatment and we report the
p-values (we run regressions of treatment on different sets of variables). Variable
7 is not used in the joint test because it has missing values for respondents without
any schooling, so it has smaller sample size than variables 5-6,8—11. Observations
clustered at village level. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2: Randomization checks — Household Variables

Variables (Y) Treatment Control Difference

HOUSEHOLD LEVEL VARIABLES

12- Household size 4.98 4.79 0.1844
(2.30) (2.28) (0.1559)

13- Household members under 5 0.85 0.82 0.0214
(0.90) (0.94) (0.0566)

14- Household members under 18 2.69 2.60 0.0925

(1.98) (1.96)  (0.1279)
15- Main source of drinking water

15a- Public tap 0.42 0.43 -0.0104
(0.49) (0.50)  (0.0773)

15b- Unprotected well 0.25 0.23 0.0195
(0.43) (0.42)  (0.0545)

15¢c- Unprotected spring 0.13 0.14 -0.0150
(0.33) (0.35)  (0.0384)

16- Has any toilet 0.05 0.07 -0.0112
(0.23) (0.25)  (0.0232)

17- Has radio 0.25 0.24 0.0084
(0.43) (0.43)  (0.0324)

18- Firewood is main fuel 0.93 0.96 -0.0214
(0.25) (0.20)  (0.0185)

19- Has no window 0.32 0.32 0.0050
0.47) (0.47)  (0.0656)

20- Number of separate rooms 1.86 1.83 0.0225
(1.18) (1.20)  (0.1049)

21- Number of sleeping rooms 1.39 1.38 0.0020
(0.82) (0.71)  (0.0509)

22- Number of sleeping spaces 4.61 4.44 -0.1641

(2.45) (2.35)  (0.1900)

P-value [variables 12-22] 0.925
P-value [variables 5-6,8-22] 0.276

Note: one observation per household. Column (1): sample restricted to treatment group.
Column (2): sample restricted to control group. For each variable Y, columns (1) and (2)
report means, with standard deviations in parentheses. Column (3) presents the difference
between (1) and (2) estimated as follows: Y; = 8T; + ;, where T; is a treatment alloca-
tion dummy. Robust standard errors are reported in parentheses. We also use an F-test to
check whether groups of controls, with comparable sample sizes, jointly predict treatment
and we report the p-values (we run regressions of treatment on different sets of variables).
Variable 7 is not used in the joint test becaupg it has missing values for respondents with-
out any schooling, so it has smaller sample size than variables 5-6,8-22. Observations
clustered at village level. *** p<0.01, ** p<0.05, * p<0.1.



Table 3: Compliance with treatment allocation

Control group Treatment group

Dwelling was sprayed in past 5 months 49 604
Dwelling was not sprayed in past 5 months 679 124
Missing information or respondent does not know 80 81

Note: This table shows the number of respondents reporting that someone sprayed the interior walls of
their dwelling against mosquitoes in the 5 months prior to the survey or that no one did, in the control
and in the treatment groups. Five months corresponds approximately to the period of time between the
IRS intervention and the survey.

Table 4: Summary of the theoretical predictions

Imperfect Imperfect
substitutes complements
Perfect Information oY < g® v > g*

Imperfect Information ¥ < 6% or ¥ > 9° ¥ > 9°

Note: Average use of ¢ depending on the complementarity between &
and ¥ and on the availability of information about malaria prevalence.
0® = E(¢}|¥ =0) and 0¥ = E(¢f|¥ = 1).
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